Abstract
Introduction
Achalasia is a rare motor disorder of the esophagus that typically presents with slowly progressive dysphagia for solids and liquids and frequently regurgitations (5) (6) (7) . Chest pain, weight loss, nocturnal cough, aspiration and pneumonia are less typical symptoms. This disease is characterized by esophageal aperistalsis and insufficient relaxation of the lower esophageal sphincter caused by degeneration of the myenteric plexus. The etiology remains poorly understood and a multifactorial origin is suspected.
In 1674 Sir Thomas Williams was the first to report on a disease characterized by food blockage in the esophagus of unknown origin. The proposed treatment was, as it is today, a dilatation of the lower esophageal sphincter (LES). In the 17th century the "gold standard" for treating achalasia was a device consisting of a whale bone in combination with a sponge [1] . In 1927 Sir Arthur Hurst coined the current name of this disease -based on the Greek terms of "a" = missing and "chalasis" = relaxation -describing the lack of relaxation / opening of the lower esophageal sphincter [2] .
While the idiopathic form is the most common form of achalasia, 2-4% of patients with suspected achalasia are found to have pseudoachalasia or Chagas disease. In these subgroups a degeneration of the myenteric plexus is due to neoplastic infiltration [3] or infection with Trypanosoma cruzi [4] .
We report a case of a patient presenting with dysphagia who initially displayed a focal form of achalasia in the distal esophagus that evolved over time to a more typical picture of achalasia. We consider the case interesting as we had the chance to capture the findings of an early form of achalasia and were able to document the progression to what is now classified as Type III achalasia according to the Chicago 3.0 criteria. Furthermore, the current manuscript summarizes aspects of epidemiology, pathophysiology, diagnostic modalities, treatment options and prognosis plus follow-up of achalasia.
Case Report
A 54-year old male was referred to our clinic for the evaluation of a 2 years history of intermittent progressive dysphagia for solids and liquids. He reported dysphagia for solids with the sensation of food getting stuck in the mid esophagus and regurgitation when drinking rapidly on several occasions on 3-4 days per week. He denied chest pain, heartburn or weight loss.
The patient's past medical history included surgery for a herniated disc L5/S1 more than 20 years ago with reoperation 3 years later and treatment with isoretinoin 10 years ago for acne. A trial of PPI therapy for one month did not relieve symptoms. At the time of the consultation he had not taken any medications.
Prior to being referred to our clinic the patient underwent an upper gastrointestinal endoscopy, with unremarkable findings both macroscopic and on esophageal biopsies. A barium esophagogram revealed a delayed passage of contrast media to the stomach and a dilated distal esophagus with an irregularity in the esophago-gastric junction (EGJ) (Figure 1 ). Due to this irregularity of the EGJ he underwent an endoscopic ultrasound (EUS) exam of the esophagus that revealed a thickened lower esophageal sphincter with small calcifications of the mucosa and no evidence of malignoma or extrinsic compression of the esophagus. The next diagnostic step was a high-resolution esophageal manometry (HRM) which revealed a lower esophageal sphincter resting pressure just above the upper limit of normal (average LES-resting pressure 46mmHg; normal 10-45 mmHg) with inadequate relaxation characterized by an elevated integrated relaxation pressure (IRP4s) (average 20.2 mmHg; normal <15 mmHg). In addition, the contraction pattern of the tubular esophagus found a segmental aperistalsis in the distal esophoagus from 6 cm above to the LES with a normal distal latency (DL) (average DL 5.85s; normal >4.5s). The HRM contraction patterns are depicted in Figure 2 . Initial high resolution esophageal manometry image documenting segmental aperistalsis (A) in the distal esophagus from about 6cm above the LES, normal propagation of the peristaltic wave (B) with a normal distal latency (DL) of 5.85s (normative >4.5s) and a poorly relaxing lower esophageal sphincter (LES) defined by an integrated relaxation pressure (IRP4s) of 20.2 mmHg (normative <17 mmHg in achalasia type III) and a residual pressure of 21 mmHg (normative <8mmHg) with a slightly elevated resting pressure of 46mmHg (normative 10-45 mmHg).
We interpreted the segmental aperistalsis of the distal esophagus associated with the inadequate relaxation of the hypertensive LES and the radiologic findings as an incomplete resp. early form of "segmental" achalasia but, given the calcifications in a thickened LES, we included in the differential diagnosis the possibility of secondary outflow obstruction due to a peptic stenosis. Consequently, we offered the patient the option of a dilatation with Savary bougies 15-18 mm, which was accepted and performed. This intervention improved the symptoms only for a few days, and at the follow-up visit 4 weeks after the Savary dilatation he continued to report dysphagia for solids and liquids, thoracic pain twice a month and regurgitation monthly.
The symptoms slowly progressed and further therapeutic options were discussed with the patient along the concept of a focal form of achalasia. As he was concerned of the risks of pneumatic dilatation (PD), per oral endoscopic myotomy (POEM) and surgery, he decided for botulinum toxin injections, 25IE botulinum toxin to each quadrant of the LES. A few days after the intervention the patient reported a complete resolution of his symptoms. The highresolution esophageal manometry measurements 6 weeks after BoTox injection found a near normal relaxation of the LES but still simultaneous contractions from the mid to the distal esophagus with a normal DL (Figure 3 ). High resolution esophageal manometry following botulinum toxin injection to the LES recording documenting segmental aperistalsis in the distal esophagus, normal propagation of the peristaltic wave with a normal distal latency (DL) (normative >4.5s) and a near normal relaxing lower esophageal sphincter (LES) defined by a residual pressure of 9.1 mmHg (normative <8 mmHg) with a normal resting pressure of 24.8 mmHg (normative 10-45 mmHg).
Twenty-two months later the patient presented back with dysphagia, thoracic pain and regurgitation, but no weight loss. This time, the HRiM revealed an insufficient relaxation of the LES (residual pressure 22 mmHg, IRP4s 21.4 mmHg) and complete aperistalsis indicated by simultaneous contractions of the whole esophagus. The criteria proposed by the Chicago classification for achalasia type III were met (Figure 4) . The barium esophagram showed a similar picture as the previous examination, with narrowing of the EGJ and a dilated esophagus ( Figure 5 ). The patient was still worried about the risks of pneumatic balloon dilatation, POEM and surgery and, given the good initial response, he opted for repeated botulinum toxin injection, which led to a complete remission of esophageal symptoms for one year. As symptoms recurred, the patient agreed for a pneumatic balloon dilatation with 30 mm balloon and remained free of dysphagia until present. 
Discussion and review of the literature
The reported worldwide annual incidence of achalasia is approximately 1/100 000 (5-7). The incidence rates vary in the reported studies according to geographic locations, between 0.03/100 000 in Zimbabwean native population [5] , 0.55/100 000 in Iceland [6] and 1.63/100 000 in a Canadian population [7] . The prevalence varies between 1.8/100 000 in Singapore [8] and 13.4/100 000 in Ireland [9] .
There are no particular age or gender differences among patients with achalasia compared to the general population. Achalasia affects males and females equally [6, 7] , although slightly higher rates in females have been reported. Non-Caucasian and Caucasian are affected in the same proportion [9, 10] . A bimodal distribution of incidence by age has been suggested with peaks around 30 and 60 years [11, 12] , while other investigations indicated a rising risk of achalasia with increasing age [13, 14] .
Primary achalasia is related to an inflammatory degeneration of the inhibitory ganglion cells of the esophagus myenteric plexus and the LES resulting in a loss of inhibitory neurons [15] . This degeneration results in a defective relaxation of the LES and abnormal peristaltic contractions of the esophagus. Although achalasia is described for more than 300 years, little is known yet about etiology of this disease. Investigations support a multifactorial origin of achalasia including infectious agents, autoimmune responses and genetic factors as potential triggers.
As Chagas' disease exhibits similar features to achalasia [16] , an infectious etiology has been widely debated although the evidence remains contradictory. A possible involvement of Herpes simplex virus (HSV) type 1 was suspected given the immune response cells in the region of the LES [17, 18] , although no relationship of an active or latent viral infection with HSV, HPV or measles was proved in other studies [19, 20] .
Booy et al. found that patients with achalasia are compared to the general population 3.6 times more prone to suffer from any autoimmune condition (relative risk 5.4 for type I diabetes mellitus, 8.5 for hypothyroidism, 37 for Sjögren's syndrome, 43 for systemic lupus erythematosus, 259 for uveitis) [20] . Another study detected an overall higher prevalence of neural autoantibodies in patients with achalasia compared to a healthy control group [21] . Though no specific autoantibody was identified so far, these data support the hypothesis that achalasia has an autoimmune component.
In a study reviewing the incidence of achalasia in New Zealand a difference in between the ethnic groups of the Pacific Islanders (1.3/100 000) and the Maori (0.2/100 000) was evident (23) . Therefore, geographic factors may be of minor significance.
Twin and sibling studies and the association of achalasia with other diseases such as Parkinson disease, Allgrove and Down syndrome may also reflect a possible genetic background for this disease, hence no specific mutations could be identified up to present [22, 23, 24, 25] .
The hallmark symptom associated with achalasia is slowly progressive dysphagia for both solids and liquids and is seen in 79%-100% of affected patients. Other common symptoms are regurgitation (63%), heartburn (41%), non-cardiac chest pain (22%), epigastric pain (15%) and odynophagia (<5%). In patients with achalasia, respiratory symptoms are also common: cough (37%), aspiration (31%), hoarseness (21%), wheezing (16%), sore throat (12%), dyspnea (10%) and weight loss (10%) (Table I) [25, 26] .
Regurgitation of undigested foods in achalasia typically occurs during meals but may also be present shortly after or up to hours later when the affected person lies down. On detailed history taking patients will report prolonged times to finish up a meal and avoidance of eating out.
Eckardt et al. proposed a scoring system for grading dysphagia, chest pain, regurgitation and weight loss, currently this score being the most commonly used for the evaluation of symptoms, staging and result of treatment in achalasia. A symptom score of 0 corresponds to clinical stage 0, a score of 2-3 to stage I, a score of 4-6 to stage II, and a score >6 to stage III. Stages 0 and I indicate remission of the disease. Stages II and III represent failure of treatment and repeated treatment is to be considered (Table II) [27] .
The diagnosis of achalasia is frequently delayed due to its rarity and slow progression. The mean delay between symptom onset and diagnosis has been reported to average 4-5 years [28] .
One of the main issues in the diagnostic approach to a patient with suspected esophageal achalasia is to exclude pseudoachalasia. In patients with rapidly progressing dysphagia, unintended weight loss, cachexia, family history of (esophageal) malignancy and older age, diseases other than achalasia should be suspected and excluded by endoscopy or CT scan.
Usually the first step in evaluating a patient suffering of dysphagia is upper endoscopy. In patients with dysphagia esophago-gastro-duodenoscopy (EGD) with mucosal biopsies of the esophagus should be performed to rule out eosinophilic esophagitis, reflux disease, peptic stenosis and stenosing processes (i.e. malignancy) of the esophagus and surrounding tissues (pseudoachalasia). Esophageal candidiasis in the context of preserved immune systems should direct to the suspicion of altered esophageal emptying.
Minami et al. found an esophageal dilatation described by EGD only in 41.1% of patients with known achalasia and mainly in advanced disease [29] . In a study performed by Fisichella et al in 26% only the narrowing of the esophago gastric junction (EGJ) was reported by the endoscopist [30] . Reports of lack of peristalsis, fluid pooling and difficult to pass LES are neither sensitive nor specific signs, but should draw the examiners' attention and consider further evaluations.
Upper endoscopy may suggest achalasia and rule out esophageal pathologies mimicking achalasia but further diagnostic testing is essential to confirm the diagnosis. Deviere et al. measured the thickness of the LES muscle layer and reported a greater mean thickness in achalasia patients then in a healthy control group [31] . These results could not be confirmed by other studies [32, 33] whereas a recent study by Krishnan confirmed them again [34] . Therefore, data is conflicting and the role of EUS in diagnosing achalasia remains unclear.
On the other hand, an advantage in the use of EUS for the evaluation of presumed achalasia is to exclude pseudoachalasia due to neoplasia of the EGJ, neoplasia of the pancreas or lymph node compression of the EGJ. In a retrospective study of 63 patients with esophageal motor dysfunction Krishnan et al. identified using EUS clinically significant lesions in 15% of cases, which changed the further management. Submucosal carcinoma not seen on standard endoscopy were detected in two cases. In three cases EUS identified a compression of the distal esophagus by a dilated and ectatic descending aorta. In one patient, an intramucosal sarcoid and in another a congenital distal esophageal muscular ring was found. An extrinsic compression by a submucosal leiomyoma at the cardia was found in another patient [34, 35] .
In a nutshell, EUS is an important tool to exclude pseudoachalasia and should be considered as part of the evaluation for achalasia.
The typical finding of achalasia in barium esophagram is a birds-beak appearance of the EGJ and a dilated esophagus. While these findings are specific for achalasia and pseudoachalasia, a normal classic fluoroscopy is not capable to exclude this disease. Other than classic fluoroscopy timed barium swallow with imaging during the swallow and after 1, 2 and 5 minutes is a useful marker of esophageal emptying [36] and does not give information on the esophageal anatomy only. Its usefulness in the postprocedural follow-up will be discussed later in this review. In conventional esophageal manometry, absence of peristalsis of 100% of swallows in the distal two thirds of the esophagus together with incomplete relaxation of the LES on deglutition is mandatory for establishing the diagnosis of esophageal achalasia. In addition, there may be an elevated intra-esophageal pressure [37] .
In recent years, high-resolution esophageal manometry (HRM) became the gold standard to evaluate esophageal motility abnormalities [38] . The diagnosis of achalasia is made by documenting impaired relaxation of the lower esophageal sphincter by the integrated relaxation pressure over 4 seconds (IRP4s) and aperistalsis in the absence of esophageal obstruction near the LES. The Chicago Classification system divides achalasia in 3 subtypes (types I, II and III), dependent on the contraction pattern and the integrated relaxation pressure that have both potential prognostic and therapeutic distinctions (Table III) [39] . At present time, a curative treatment for achalasia does not exist. Therefore treatment is directed to minimize symptoms and improve quality of life. The majority of therapeutic modalities target a reduction of the obstruction caused by the poorly relaxing lower esophageal sphincter.
The primary goal is the early diagnosis of achalasia to prevent the development of late complications such as megaesophagus, with makes esophagectomy in many cases unavoidable, and to preserve esophageal function and anatomy.
Every therapeutic option encloses its own advantages, disadvantages and risks. The choice for a treatment should be individualized and adapted to the patients' preferences after an extensive informative conversation.
Oral calcium blockers, nitrates and 5-Phosphodiesterase inhibitors cause a reduction in LES pressure but only with limited benefit for dysphagia, while side effects are common. Hence they are of minor value in the treatment of achalasia [40, 41] . Oral medical treatment should be reserved for patients not able or willing to undergo invasive treatment and play virtually no role in the treatment of achalasia.
Botolinum toxin injections to the LES block the release of acetylcholine from presynaptic cholinergic nerve endings resulting in a decreased LES pressure. Just above the Z-line 25IU of botulinum toxin are injected to each quadrant. The advantage of this treatment is a lower risk of perforation, morbidity and mortality compared to pneumatic balloon dilatation or myotomy. Over 80% of patients have a clinical response by one month, but less than 60% are in remission after one year, and retreatment will become necessary [42] .
Hence the use of botulinum toxin should be avoided as first line treatment and reserved for patients at high risk for more invasive treatment, as an interim option before more durable treatment or in patients not willing to undergo pneumatic dilatation or myotomy. Furthermore, the use of botulinum toxin has been proposed as diagnostic tool in patients with unclear diagnosis, in order to select patients most likely to respond to more invasive treatment [43] .
The oldest and still most effective non-surgical therapy for achalasia is dilating the poorly relaxing LES. It was first introduced by Sir Thomas Williams in 1674 using a device consisting of a whale bone and a sponge [1] . In contrast to esophageal strictures, where rigid dilatators (i.e. Savary bougies) are effective stretching open the esophageal lumen, larger balloons are required in achalasia. Using balloons with a diameter of 30 mm, 35 mm or 40 mm a controlled tear of the muscle fibres of the LES is achieved. Response to pneumatic dilatation is influenced by age (more than 45 years more favorable), gender (more favorable in female patients) and subtype of achalasia (subtype II most favorable) [44, 45] .
Katzka and Castell analyzed 25 studies on pneumatic dilatation and concluded that there is no identical method of PD regarding the type of the balloon, pressure, and duration of dilatation except between two studies only. The success rate for a single dilation session was 66% at 1 year and 59% at 2 years, 53% at 3 years, 50% at 5 years and 25% at 10 years. Efficacy could be improved by the use of a Rigiflex dilator and repeated dilations during the initial treatment period. Overall perforation rate was low -2%, of which 1% required surgery. Also if more effective for the resolution of symptoms, the use of multiple PDs led to increased perforation risk [46] . In a recent study by Lynch et al. a perforation rate of 0.37% was reported for pneumatic dilatation, comparable to unrecognized perforation during Heller myotomy in the same series [47] .
Wu et al. compared repeated pneumatic dilatations (in maximum three sessions) to Heller myotomy combined with Dor fundoplication in a prospective randomized trial and found a similar treatment success with both interventions in a 2 years follow up [48] . Hence a single pneumatic dilatation has lower response rate than Heller myotomy, repeated PDs are a reasonable alternative to surgery.
In 2008 Inoue et al. presented a novel therapeutic option to treat achalasia by means of per-oral esophageal myotomy (POEM). Through a small mucosal incision in the mid-esophagus and a submucosal tunnel using a transparent cap and a dissection knife on a forward viewing endoscope, a selective myotomy of the circular muscle is performed. In 500 consecutive patients Innoue et al demonstrated an overall success rate of 91.3% after 2 months and 91% after 1 to 2 years. 19.4% complained of heartburn or regurgitation after 1 to 2 years. The complication rate was low at 3.1% [49] . Bahyani and colleagues found equal reduction of esophageal symptoms, acid exposure and integrated LES pressure comparing POEM to Heller myotomy combined with partial fundoplication [50] . POEM is an effective alternative to surgery when performed by skilled endoscopists. Up to the present there are no randomized controlled trials comparing POEM to pneumatic dilatation. Further studies directed at the longterm outcome of POEM are needed.
Laparoscopy myotomy is currently the surgical intervention used for the treatment of achalasia. This procedure, first published by Ernst Heller in 1913 [51] and undergoing several modifications thereafter, targets same as pneumatic dilatation and POEM on the obstruction due to LES pressure. The principle is to longitudinally cut the LES and extend the incision 6-7cm above the EGJ and 3cm below to also cut the sling fibers of the gastric fundus involved in forming the functional LES. The standard technique is a laparoscopic approach nowadays. To avoid post-procedural gastro-oesophageal reflux disease (GERD) Heller myotomy usually is combined with antireflux surgery. The combination leads to similar relief of dysphagia but with less GERD symptoms. In a meta-analysis Campos et al. found an overall symptom relief of 90% in patients undergoing myotomy of the LES. The incidence of postoperative GERD after Heller myotomy in combination with fundoplication was 8.8% vs. 31.5% without anti-reflux surgery. They also showed a perforation rate of 6.3% in average as the most common complication [52] .
For anti-reflux surgery, a full 360° Nissen fundoplication is contraindicated, as 15% of patients had post-procedural dysphagia shown in a randomized trial with long term follow up for 10 years. Patients receiving a Dor fundoplication on the other hand only complained of dysphagia in 2.8% [53] . Rawlings and colleagues compared Dor (180° anterior fundoplasty) to Toupet (270° partial fundoplasty) procedure combined with Heller myotomy in achalasia and found no significant differences regarding dysphagia, reflux symptoms and pH monitoring [54] .
In patients developing end-stage mega-esophagus or sigmoid esophagus, characterized by considerable dilatation and tortuosity respectively, surgical myotomy may be the initial approach before considering esophagectomy as terminal option. Sweet et al. found a symptomatic improvement in 92% of patients with mega-esophagus following Heller myotomy. In those unresponsive to surgical myotomy esophageal resection is frequently required [55] . As esophagectomy is associated with a greater morbidity and mortality than less invasive procedures it should be reserved for patients who had no response to pneumatic dilatation or myotomy and are good candidates for surgery.
Anyhow post-esophagectomy dysphagia resulting from strictures at the anastomotic site requiring dilatation is seen in up to 50% of patients [56] . The increased awareness of the disease and recent improvements in diagnosing and treating achalasia diminished the rate of end-stage achalasia and need of total esophagectomies.
Rohof and colleagues demonstrated a correlation of achalasia subtypes and prognosis. The best results from therapy with pneumatic dilatation or myotomy were found in achalasia type II with a success rate of 96%. In type I a success rate of 81% and in type III of 66% only was reported [45] .
Eckardt et al. found despite a significant number of complications (i.e. reflux esophagitis and megaesophagus) no significant difference in live expectancy compared to the general population over a period of 33 years [57] .
Follow up in patients with achalasia should include periodic evaluation of symptoms and nutritional status summarized in the Eckardt Score. Timed barium esophagram may suggest defective esophageal emptying before symptoms arise. Up to 30% of patients with achalasia are symptom free after pneumatic dilation, despite poor esophageal emptying in barium esophagram, and 90% of these patients will have relapse within one year [58] . Esophageal manometry after pneumatic dilatation, surgical manometry or POEM is of limited clinical value since esophageal peristalsis is not expected to be normalized and pressure measurements at the level of the LES provides no information on the opening and compliance of the LES. In addition, patients' acceptance for (repeat) esophageal manometries is rather limited [59] .
Retrospective studies suggest that achalasia might be associated with a higher risk for squamous esophageal cancer compared to the general population (60) . While there is insufficient supporting evidence to reach a consensus if and how often endoscopic surveillance should be performed the decision and schedule is left up to the treating physician [60] ). Our approach is to offer patients upper GI endoscopies every 3 years in analogy to Barrett's esophagus surveillance in the absence of dysplasia.
Conclusion
Achalasia is a primary motility disease of the esophagus and diagnosis is unfortunately still delayed. Achalasia should be included in the differential diagnosis of patients with esophageal symptoms (regurgitation, chest pressure) and dysphagia and should be actively be queried, given that at the beginning of the disease, this symptom may be subtle. In our case we present the development from focal achalasia as an early stage to spastic achalasia (type III according to the Chicago classification).
While high-resolution esophageal manometry is the gold standard to diagnose achalasia, additional investigations are needed for consolidating the definite diagnosis of achalasia. At the moment, we have a broad therapeutic armamentarium allowing a tailoring according to the patient's preferences and readiness to accept potential complications. Finally, regular follow-up of patients with achalasia is important to prevent development of end-stage disease and diminish the risk of developing esophageal neoplasia.
